The role of the male gametophyte is the production of two sperm cells and their transport via a tube, the pollen tube, through the tissues of the style, and into the embryo sac where double fertilization occurs. The male gametophyte when fully developed is a very simple structure consisting ofonly three cells, a vegetative cell that makes up most ofthe pollen grain and tube, and two sperm cells that lie within the cytoplasm ofthe vegetative cell.
The mature pollen grain contains mRNAs that were synthesized during its development and that are utilized during pollen germination and early pollen tube growth (5, 13, 19) . The complexity of the mRNA, i.e. the number of genes expressed in the pollen grain and the degree of overlap with genes expressed in vegetative tissues, remains, however, largely unknown.
In the present study we have analyzed the kinetics of hybridization of poly(A)RNA to cDNA under conditions of mRNA excess to compare the complexity, number of abundance classes, and extent of shared sequences in the mRNA of mature pollen and young vegetative shoots.
MATERIALS AND METHODS
Plant MateriaL Tradescantia paludosa L. plants were grown in the green house and pollen was collected and stored as described previously (12) . The pollen as described earlier (5) . Because of high nuclease activity in shoots, an initial extraction in guanidine-HCl was found to be necessary (16) , followed by extraction with phenol-chloroformisoamyl alcohol (5) . Poly(A)RNA was isolated from total RNA utilizing oligo(dT) cellulose as described (5) (6, 8) . Poly(A) tracts were isolated from pollen RNA by RNase A and TI digestion followed by end labeling and enumeration of bands after gel electrophoresis. These results showed the number average size of the poly(A) to be 85 with a range in sizes from about 60 to greater than 120. These values are very similar to those found for cotton cotyledons (6) .
cDNA-RNA Hybridization Kinetics. A cDNA probe reflects the overall abundance of RNA transcripts in the cell type from which the poly(A)RNA was originally isolated (2) . An estimate of the complexity of the expressed mRNAs can be obtained from the kinetics of hybridizaiton of cDNA-RNA under conditions of mRNA excess (2, 7). In addition, this approach has been used to compare mRNA populations in different animal and plant tissues (8) (9) (10) .
For the hybridizations, we have used total cellular poly(A)RNA which might be expected to contain both polysomal mRNAs as well as nuclear RNAs that may or may not be translated and that could be expected to have a greater complexity than the polysomal mRNAs (10) . This is justified for pollen because the pollen grain at anthesis is dehydrated and no RNA or protein synthesis is occurring. Total cell poly(A)RNA was used from vegetative tissue because cDNA made from total cell poly(A)RNA from cotton was found to hybridize with virtually identical kinetics to either total cell poly(A)RNA or polysomal poly(A)RNA (6) .
Complementary DNAs synthesized from pollen poly(A)RNA and from shoot poly(A)RNA were each hybridized to homologous or heterologous poly(A)RNA. The kinetics of these hybridizations are shown in Figure I and summarized in Table I . Both homologous hybridizations, i.e. pollen cDNA to pollen poly(A)RNA and shoot cDNA to shoot poly(A)RNA, extend over 4 to 5 log units of Cot, indicating that there is a wide range in abundance of the different mRNA classes (2) . When hybridization occurs over several orders of magnitude of Cot, the RNAs can be divided into a number of abundance classes and the kinetics of each class can be analyzed by the least squares computer program (17). For pollen there was a reduction in the error term when the number of components was increased from two to three (0.030-0.024), and no change for four components. Thus, three abundance classes best describes the data for pollen.
For the shoot data there was virtually no difference in the error term between two and three components, so two components is probably the best description of the data. The assignment of two classes to shoot and three to pollen RNA may be somewhat arbitrary in the sense that each class probably does contain sequences with a spectrum of abundances.
As seen from Figure 1 and Table I , in pollen 15% of the mRNAs is fairly abundant and comprises about 40 diverse sequences each present in 2,600 copies per pollen grain. The major fraction of the mRNAs (60%) is made up of about 1,400 different sequences present in 3,400 copies per grain. The least abundant fraction is relatively small (24%) compared to the vegetative shoot (64%) but consists of 18,000 different sequences each present in about 100 copies per grain. Thus, in pollen about 75% of the mRNAs occur in the two more abundant frequency classes, whereas only about 35% of the shoot mRNAs are abundant. The least abundant shoot mRNAs consist of 29,000 sequences each present in 5 to 10 copies per cell. It is of interest that the least abundant fraction in pollen contains sequences that are much more abundant (100 copies) than in the corresponding fraction in shoots (5-10 copies). What relevance this has to the unique nature of development of the male gametophyte is unclear at present.
The total complexity of pollen poly(A)RNA is 2.3 x I07 nucleotides corresponding to about 20,000 diverse sequences, whereas in shoots it is about 3.4 x 10' nucleotides comprising about 30,000 different sequences. The complexity and number ofdiverse sequences found in Tradescantia shoot tissue is similar to values found in vegetative tissues of other plants (10) . There are only about 66% as many diverse sequences in pollen as are present in shoot tissue.
Both heterologous hybridizations, i.e. pollen cDNA to shoot COMPLEXITY AND DIVERSITY OF mRNAs FROM POLLEN AND SHOOTS The hybridization of pollen cDNA to shoot RNA (Fig. 1B ) appears to have reached completion by a log Cot of 3 and with about 64% of the pollen cDNA being hybridized to the shoot RNA. In the reciprocal hybridization of shoot cDNA to pollen poly(A)RNA, completion appears to have been reached with about 60% hybridization (Fig. IA) . The simplest, although not necessarily the most correct, explanation for these results is that about 64% of sequences in pollen are similar to those in shoots and about 60% ofshoot mRNAs are similar to those from pollen. Since the complexity of pollen RNA is about 66% of that of shoot RNA (Table I) 18) found that 60% of the isozymes in vegetative tissues were also found in pollen, whereas 18 of 19 pollen isozymes or 95% were also found in one or more of the vegetative tissues studied. Our results cannot be compared directly with the tomato study because we have not hybridized RNAs from roots, leaves, seeds, etc. One might expect the extent of shared sequences between pollen and the entire sporophyte to be higher than for that of pollen and shoot tissue.
Our results lend support to a recent proposal ( 15) that genetic selection operating during male gametophyte growth in the style could have a positive effect on the sporophyte resulting from this selection if a sizeable number of genes were expressed during both stages. Such positive correlations have been found between pollen tube growth and sporophytic traits (15) . The genetic program expressesd during pollen development is extensive (20,000 different genes), and there appears to be a substantial overlap between genes active in gametophytic and vegetative tissue.
